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SPECIFICATIONS 

Title of the Invention 

Pneumatic Tire 
Claims 

(1) Pneumatic tire so characterized that it has several longitudinal 
grooves on the tread surface running continuously in the circumference 
direction of the tire, at least one longitudinal groove of said 
longitudinal grooves is formed in its cross -sectional shape as an 
asymmetrical groove in which angle (j8) to the normal line of the outside 
sidewall tire tread surface in the tire axial direction is greater than 
angle (a) to the normal line, of the inside sidewall tire tread surface 
in the tire axial direction, and moreover, the above-mentioned angle (j3) 
of the above-mentioned outside sidewall - in the tire axial direction is 
in the range of 10° to 30°. 

(2) Pneumatic tire in accordance with Claim No. 1 in which angle (a) to 
the normal line of the inside sidewall tire tread surface in the tire 
axial direction is in the range of 0° to 5°. 

Detailed Specifications 

This invention pertains to a pneumatic tire that is improved in 
drainage, maneuvering stability, and gripping during cornering by making 
the angle of inclination of the sidewalls of a longitudinal groove on 
the tire tread surface greater on the outside in the tire axial 
direction than on the inside in the tire axial direction. 

Generally, on tires, to improve drainage and gripping on wet road 
surfaces, several longitudinal grooves are installed on the tread 
surface that run continuously in the tire circumference direction. From 
the standpoint of improving drainage, increasing the width and depth of 



© 

longitudinal grooves and increasing the number of grooves are both said 
to be effective. However, when longitudinal grooves are increased in 
width and depth, the value of the so-called sea/land ratio of the tread 
part is increased, and this reduces the toughness of the tread part on 
the one hand, and reduces maneuvering stability and abrasion resistance 
on the other. Moreover, the former characteristic is in an antonymous 
-relationship with the latter characteristic. Therefore, previously, the 
shape of grooves on the tread surface has been designed by considering 
the balance. between these two characteristics, and the width of grooves, 
depth of grooves, and number of grooves are limited naturally within set 
ranges. In addition, from the standpoint of diagonal abrasion prevention 
or beauty of appearance, the cross -sectional shape of longitudinal 
grooves has been formed such that groove sidewalls are symmetrical to 
each other. With such previous groove design technology, it becomes 
difficult to simultaneously improve drainage, maneuvering stability, and 
abrasion resistance. 

Therefore, to resolve the problems described above, the present 
inventors created a model of the deformation behavior of a tread surface 
during tire use and performed detailed study of the relationship of this 
deformation state to the cross -sectional shape of grooves. By optimizing 
the cross -sectional shape of grooves on the basis of their findings, 
they were able to achieve improvement in maneuvering stability and 
abrasion resistance without sacrificing drainage. 

This invention is a pneumatic tire that is so characterized that it 
has several longitudinal grooves on the tread surface running 
continuously in the circumference direction of the tire, at least one 
longitudinal groove of said longitudinal grooves is formed in its cross - 
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sectional shape as an asymmetrical groove in which angle (0) to the 
normal line of the outside sidewall tire tread surface in the tire axial 
direction is greater than angle (a) to the normal line of the inside 
sidewall tire tread surface in the tire axial direction, and moreover, 
the above-mentioned angle (/?) of the above-mentioned outside sidewall in 
the tire axial direction is in the range of 10° to 30°. 

Below, an embodiment of this invention is explained according to 
the appended figures. Figure 1 is the right half of a schematic cross 
section of a pneumatic tire of this invention that has a radial 
structure. Figure 2 is an enlargement of the longitudinal grooves shown 
in Figure 1. In Figure 1, line X-X is the tire axis and perpendicular 
line Y-'Y is the tire equator. 

Pneumatic tire (1) of this invention has two rubber beads (2) and 
carcass (3) that is folded back around this from the inside to the 
outside, and belt layer (4) installed on the outside of the crown part 
of this carcass. In addition, two longitudinal grooves (Gl) and (G2) are 
installed on the tire tread surface that run continuously in the tire 
circumference direction. In addition, sidewalls (5a) and (5b) of one 
longitudinal groove (G2) are inclined to form set angles (a) and (j3) 
relative to normal line (L) of the tire tread surface. In this case, 
these form an asymmetrical groove in which angle (j8) of sidewall (5a) on 
the outside in the tire axial direction inclines at a greater angle than 
angle (a) of sidewall (5b) on the inside in the tire axial direction. To 
accomplish this, sidewalls (5a) and (5b) can be formed at a roughly 
constant inclination in the tire circumference direction, but such that 
the angle of inclination changes in the outer circumference direction of 
the tire. In addition, the above-mentioned angle (0) of the sidewall on 
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the outside in the tire axial direction is set in a range of 10° to 30°. 
By forming the cross -sectional shape of the longitudinal groove as 
described above, the toughness of the tread part during tire use is 
improved. As a result, the amount of deformation of the longitudinal 
groove can be decreased and a stable longitudinal groove volume is 
maintained. Together with maintaining drainage, this also improves 
maneuvering stability. When a model of the deformation behavior of the 
tread surface during tire use was created, this result could be 
confirmed from the relationship of this deformation state, to the cross- 
sectional shape of the groove. That is, in Figure 3, when cornering to 
the left (PL direction) is performed while running tire (T) in direction 
(p) , the tread part on the right half (shaded part) of the tire is 
subject to deformation in direction (f) ..To explain this using the right 
half tread part cross section shown in Figure 4, when not under a load, 
tread surface perimeter line (OL) is deformed during cornering, and this 
largely determines the groove width of longitudinal grooves (Ga) and 
(Gb) . As a, result, earth contact characteristics are reduced. For 
example, because the groove width of longitudinal groove (Ga) is 
deformed during cornering such that it contracts from (Wl) to (W2) , the 
volume of the longitudinal groove is decreased and drainage is reduced. 
Therefore, it is desirable to decrease the amount of change in the 
groove width of longitudinal grooves as much as possible. However, when 
the relationship was studied between change in this groove width and the 
angles of longitudinal groove sidewalls, it was found that change in 
groove width was reduced as longitudinal groove sidewall angle (jS) on 
the outside in the tire axial direction was increased. Furthermore, the 
rate of effect of this deformation on sidewall angle was less for 
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sidewall (Gal) on the inside in the tire axial direction than for 
sidewall (Ga2) on the outside in the tire axial direction. 

For example, when force acts in direction (f) on the tread parts 
shown in Figures 5 and 6, the two sidewalls of each of longitudinal 
grooves (GA) and (GB) differ in amount of deformation according to their 
angles of inclination as shown in Table 1. In Figure 5, {oil) and (oil) 
are 5° and (01) and (02) are 30° [Translator's Note: sic; "30°" should 
read "5°"], and in Figure 6, (al) and (oi2) are 5° and (01) and (02) are 
30°. From the table, it can be seen that by making the sidewall on the 
outside in the tire axial direction greater than the sidewall on the 
inside, decrease in groove width can be greatly reduced. 



Figure 1 





Asymmetric Groove 
(Figure 5) 


Symmetric Groove 
(Figure 6) 


GA 


GB 


GC 


GD 


® 

deformation of side wall 


0.77 
1.86 


0.84 
1.86 


0.71 
1.46 


0.82 
1.46 


decrease in groove width 


1.09 


1.02 


0.75 


0.64 



Therefore, because increasing the angle of inclination of 
longitudinal grooves decreases the area of earth contact of the tread 
part and reduces drainage effect and abrasion resistance, these angles 
of inclination are subject to natural limits. In this invention, angles 
(oil) and (oi2) to the normal line of the tire tread surface of sidewalls 
(5b) and (6b) on the inside in the tire axial direction are restricted 
to the range of 0° to 5°, and angles (01) and (02) to the normal line of 
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the tire tread surface of sidewalls (5a) and (6a) on the outside in the 
tire axial direction are restricted to the range of 10° to 30°. Also, 
ideally, the difference between angle (oi) on the inside in the tire 
axial direction and angle (j8) on the outside in the tire axial direction 
is restricted to a range of 5° to 20°. 

Thus, in this invention, because the angle of inclination of the 
sidewall of longitudinal grooves is smaller on the inside in the tire 
axial direction and larger on the outside in the tire axial direction, 
and moreover, these angles of inclination are restricted to specific 
ranges, deformation of sidewalls can be kept to a minimum, the volume of 
longitudinal grooves can be kept roughly constant, and the properties of 
drainage, maneuvering stability, and gripping during cornering are 
improved overall. 

Moreover, this invention ideally is applied to radial tires in 
which the tire tread part has a belt layer that is reinforced by highly 
elastic fiber cords such as steel cords. However, this invention also 
can be applied in the same way to belted bias tires or cross-ply tires. 

Also, besides tires that have longitudinal grooves in a so-called 
rib pattern running in the tire circumference direction, this invention 
also can be applied in the same way to tires that have longitudinal 
grooves in a block pattern, rib- lug pattern, or rib-block pattern. 
Key to Figures 

Figure 1 is the right half of a schematic cross section of a tire 
of this invention. Figure 2 is an enlargement of the longitudinal groove 
part of Figure 1. Figure 3 is a cross section of the tire tread surface 
during tire use, and Figures 4, 5, and 6 are partial cross sections of 
the tread part. 
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1 ... tire 2 ... rubber bead 

3 ... carcass 4 ... belt layer 

5a, 5b, 6a, 6b ... sidewalls 

Gl, G2, GA, GB ... longitudinal grooves 

Figure 1 
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Figure 2 
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